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THE REGENERATION OF THE PRIMATE NAIL STUDIES OF THE
SQUIRREL MONKEY, SAI1\IIRI*
NAB DO ZATAS, Ml).
The purpose of this study is to describe the
regeneration of the nail after avolsion of the
nail plate. Knowledge of the histology of re-
generation is useful to understand many of the
pathologic changes of the nails. Primates are
the only experimental subjects comparable to
man for they generally have flattened nails
which, although laterally compressed, resemble
human nails macroscopically as well as micro-
scopically. In this study squirrel monkeys
(Saimiri) were used.
METHODS AND MATERIALS
The nail plates of Sairniri (Fig. 1) were avulsed
after digital nerve block. The distal phalanges were
amputated after varying times of regeneration:
15 minutes, 8 hours, 24 hours, 4 days, 7 days, 14
(lays and 18 days. The amputated phalanges were
prepared in the usual manner of dehydration,
clearing with methyl salicylate and paraffin em-
bedding. Material was fixed in 10% buffered
formalin. Other specimens used to demonstrate
glycogen, sulfhydiyl and disulfide groups were
fixed in 1% trichloroacetic acid in 80% alcohol.
The phalanx was decaleified in 5% trichloroacetic
acid or 5% nitric acid. Longitudinal and cross
sections were ciut in serial and stained with
hematoxylin—Biebrich's scarlet, periodic acid Schiff,
and Best's carmine. Glycogen was identified by the
removal of PAS or Best's carmine positive ma-
terial from the sections after 30 minutes of saliva
diastase digestion. Appropriate controls were used.
The Human and Monkey Nail
Humans have flattened nails or tegulae whereas
other primates have laterally compressed tegulae.
The nail plate of the monkey is usually narrow,
more laterally compressed than the human nail
and convex; however, the nail of the pollux is
an exception and more closely resembles a human
nail (Fig. 2). The similarity and differences be-
tween the human and monkey nail are further
illustrated in Figs. 3 and 4. The nail plate of the
monkey is pigmented and contains melanin gran-
ules produced by melanocytes present in the
matrix. The proximal epithelium of the proximal
nail fold contributes to the nail plate and forms
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the superficial portion of the nail plate, while the
distal epitbelium of the fold produces the horny
material which desquamates as the cuticle (Fig.
5).
A in man, the nail bed does not contribute to
the formation of the nail plate nor does it produce
a hard, horny material, which in other vertebrates
like the eat or rat, forms the deeper portions of
lie claws (Fig. 6).
RESULTS
Fifteen minutes after avulsion
AVulsion of the nail plate results in removal
of most of the nail bed and hyponychial epi-
dermis leaving a denuded area which roughly out-
lines the shape of the nail plate. Occasionally,
few islands of nail bed and hyponychial epi-
dermis remain on the surface of the digit. Only
the superficial layers of the matrix are avulsed.
The dermis and subcutaneous tissues show
marked vasoclilation of the vessels (Fig. 7).
Twenty-four hours after avulsion
Twenty-four hours after avulsion the distal
digit is swollen, thereby diminishing the size of
the distal groove. Its surface is covered by a
fibrin clot and many poly morphonuclear leuko-
cytes, which are also seen in large numbers in
the dermis underlying the denuded nail bed
area (Fig. 8). Isolated island of hyponychial and
nail bed epidermis, which had remained on the
surface of the digit, are incorporated in the clot.
Tongues of epithelium, consisting of spindle-
shaped basal cells, extend from the border
epidermis to the denuded area under the clot. In
the distal and narrower portions of the digit,
where hyponychial and lateral nail groove epi-
dermis contribute to the reepithelization, the
denuded area is almost covered by migrating
basal cells ((D) Fig. 8).
The more proximal and wider portion of the
digit remains largely denuded. The matrix epi-
dermis contributes to the reepithelialization to
a lesser extent than the lateral nail groove
epidermis.
The epidermis adjacent to the denuded nail
bed (proximal nail fold, lateral portions of the
digit and the palmar portions next to the
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hvponyclunrn and distal groove) exhibit a
parakeratosis of the horny layers and an in-
crease in the glycogen of the spinous cells. These
areas show an increase in mitosis which is not
seen in normal conditions.
The matrix epidermis shows the greatest in-
crease in mitosis and glycogen content of its
cells. Distant areas of epidermis including the
volar touch pad exhibit an increase in mitosis
compared to normal, bitt there is no detectable
increase in the glycogen content of the cells.
Forty-eight hours after avulsion
The clot which covered the surface of the digit
is dry and forms a crust over the denuded nail
bed. The edema has subsided, somewhat in-
creasing the size of the distal groove. Re-
epithelialization of the lateral nail grooves,
hyponychium and distal portions of the nail bed
epidermis is complete. The tongues of regenerat-
ing epidermis extend further into the denuded
nail bed, reducing the size of this area (Fig. 9)
The nail plate is seen at the most proximal
portions of the matrix (Fig. 10) . The trauma of
avulsion did not inhibit nail formation as traces
of nail plate are seen as early as 24 hours after
avulsion (Fig. 8). The process of nail plate
formation is similar to that of the adult human
nail (2).
Melanin granules produced by melanocytes
in the matrix, are incorporated into the nail
plate and result in the heavily pigmented nail
characteristic of primates. Glycogen granules are
abundant in the Malpigliian layer of the matrix
and in the migrating spindle-shaped basal cells
FIG. 1. Squirrel Monkey (Saimiri)
Fic. 2. Foot—The nail of the pollux is human-
like. Other nails are laterally compressed.
forming the tongues of regenerating epithelium
(Fig. 11).
Four days after avulsion.
The crust covering the surface of the distal
digit is pushed distally by the newly formed nail
plate, which extends from under the proximal
nail fold (PNF) and covers one quarter of the
surface of the digit (Fig. 12)
Reepithelization of the nail bed area is
complete. The newly formed nail bed epidermis
is acanthotic and shows the characteristic longi-
tudinal parallel rete. This can be clearly seen in
a cross-section at the level of the iail bed,
(Fig. 13). A parakeratotic horny layer produced
by the nail bed separates the crust from the
epidermal cells.
The epidermis adjacent to the new nail bed
(proximal, lateral nail folds and volar skin near
the hyponychium) produces a normal stratum
corneum instead of a parakeratotic horny layer
as seen in sections at 24 hours and 48 hours after
avulsion.
Glycogen granules are seen in the nail bed
epidermis and not in the adjacent epidermis. The
dermis appears normal, although some capillary
proliferation still persists.
Seven days after avulsion
rrhe digit looks normal except for a small
crust and incomplete nail plate, which covers
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FIG. 3. Drawing of monkey nail: NP—nail plate, NB—-nail bed, HYP—hyponychiurn, M—matrix,
PNF—proximal nail fold, C—cuticle, 1)G—distal groove.
FIG. 4. Drawing of human nail: NP—nail plate, L—lunula, C—cuticle, PNF—proxirnal nail fold,
M—matrix, NB—nail bed, HYP-----hyponychium, 1)0—distal groove.
about one half of the surface of the distal digit
(Fig. 14). The crust and parakeratotic horny
layer of the nail bed are pushed distally by the
nail plate.
The martix arid the nail bed are only slightly
acanthotic, and mitotic figures are rarely seen.
The nail bed epidermis underlying the crust
exhibits parakeratosis of its horny layer and an
increase of glycogen granules. (Fig. 15).
The hponychium exhibits a normal stratum
corneum and keratohyalin layer. No glycogen
grannies are seen.
Eighteen days after avulsion
The digit is completely normal in its ap-
pearance (Fig. 16). The distal edge of the nail
plate extends beyond the finger; remnants of
crust and horny material arc trapped in the
distal groove.
The matrix nail bed and hyponychiurn are
normal. The nail bed consists of a thin layer of
epidermal cells. There is no parakeratotic horny
layer.
DISCUSSION
Besults obtained in experimental animals are
often limited to the.s pecies under study, and
may not be applicable to man. In this study,
however, because of the similarity of the
anatomy of the nail of the squirrel monkey and
maii, the process described is thought to be quite
similar to that in man. Only the duration of
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FIG. 5. Longitudinal section of monkey finger nail (heniatoxylin-Biebrich's scarlet) X14 The nail
plate (NP) is produced by the matrix (M) and receives no contribution from the nail bed (NB). Proxi-
mal nail fold (PNF), phalanx (P), pacinian corpuscle (PC), touch pad (TP), keratogenous zone (KZ),
distal groove (DG).
FIG. 6. Cross section of finger nail (X35) through level of nail bed (hematoxylin-Biebrich's scarlet).
The nail plate (NP) is laterally compressed. Its lateral edges rest on the lateral nail grooves (LNG).
The epidermis of the nail bed has no stratum corneum, granular layer; the epidermis of the (LNG) has
both. The nail bed epidermal rete (NBR) are longitudinal parallel ridges.
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FIG. 7. Longitudinal section of finger 15 minutes alter avulsion. (hematoxylin-Biebrich's scarlet)
Avulsion of the nail plate results in avulsion of most of the epidermis of the NB,HYP and the super-
ficial layers of the matrix. XiS
FIG. 8. Cross-section slightly oblique, of the nail area at level of nail bed. (hematoxylin-Biebrirh's
scarlet) X35 A fibrin clot containing polymorphonuclear leukocytes overlies the denuded nail bed.
Tongues of epithelium (RE) from the lateral nail groove epidermis are seen extending into the denuded
area beneath the clot. (1)) is more distal portion of digit while (P) is the more proximal portion.
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FIG. 9. Cross section, slightly oblique, through the nail bed 48 hours after avulsion. Reepitheliza-
lion of the lateral nail grooves is complete. Tongues of epithelium (RE) extend into the denuded area.
The nail plate is seen in the more proximal portions of the lateral nail groove (P). (hematoxylin-Bie-
brich's scarlet) X35
FIG. 10. Longitudinal, midline section of the distal digit 48 hours after avulsion. The matrix (M)
produces the nail plate at its proximal portion. Its contribution to the regenerative epithelium (RE)
is slight. Phalanx (P), proximal nail fold (PNF). (hematoxylin-Biebrich's scarlet) X50
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FIG. 11. Cross section through the nail bed 48 hours after avulsion. Glycogen granules (0) are ibun-
dant in the migrating spindle-shaped basal cells (RE). Best's carmine without salivary diastase di-
gestion. X55
FIG. 12. Longitudinal, section of tile distal digit four days after avulsion. The nail plate (NP) covers
about one fourth of the surface of the digit. It has pushed the crust distally, suggesting that the nail
bed epidermis has no distal motion. (hematoxylin-Biebrich's scarlet) X14
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FIG. 13. Cross section through the nail bed four days after avulsion. Reepithelization of the nail
bed (NB) is complete. The newly formed nail bed epidermis is acanthotic and shows the longitudinal
parallel rate characteristic for the area. Reratinization of this area results in the formation of a para-
keratotic horny layer (P). The nail plate (NP) is present in the lateral nail grooves. (hematoxylin-
Biebrich's scarlet) X55
FIG. 14. Longitudinal midline section of the distal digit 7 days after avulsion. The nail plate (NP)
covers about one-half of the surface of the digit. The newly formed nail plate has pushed the crust and
the parakeratotic horny layer of the nail bed distally. The hyponychium shows its normal stratum
corneum and keratohyaline granule layer (RH). (hematoxylin-Biebrich's scarlet) X14
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FIG. 15. Closeup of nail bed from Fig. 14. Glycogen granules (G) are present in the parakeratotic(P) nail bed epidermis (NB) under the crust and not in the normal hyponychium (HYP). (periodic acid
Schiff) X55
FIG. 16. Longitudinal midline section of the distal digit 18 days after avulsion. The digit is normal.
(hematoxylin-Biebrich's scarlet) X16
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FIG. 17. Diagramatic description of the regeneration process
events in response to trauma are characteristic
to the small species of monkey used. It is seen
that by 18 days after avulsion a completely
normal nail phte forms. In man, regeneration of
the nail plate usually takes from 3 to 4 months
depending on the size of the nail. Toe nails
regenerate slower than finger nails.
The epidermis of the nail bed can be avulsed
with greater ease than does the matrix epidermis,
(Fig. 7). This perhaps is the result of a stronger
bond between the horny layers of the nail bed
and the nail plate than the bond existing be-
tween the epidermis of the nail bed and its
dermis. This might be unexpected because of
the normal movement of the nail plate over the
nail bed. An anatomical explanation for the
resistance of the matrix to avulsion may be the
stronger attachment provided by the arboreal
pattern of the epidermal rete of the matrix as
compared to the thin longitudinal and parallel
rete of the nail bed.
The trauma of avulsion does not inhibit the
growth rate of the nail plate. The nail plate is
seen eight hours after avulsion. Furthermore,
Clark and Buxton (1) have reported that nail
biters have a more rapid growth rate of the
nail than do non-nail biters.
The basal cells which migrate under the crust
originate from the epidermis which borders the
denuded nail bed. The matrix borders the defect
at its proximal boundary, however, it con-
tributes little to the reepithelization. Twenty—
four hours after avulsion, (Fig. 10), few
spindle-shaped basal cells migrate into the
denuded area from the matrix. In contrast to
this, the lateral nail grooves contribute actively
to the reepithelization. Compare the progress
of reepithelization at 24 hours after avulsion
(Fig. 8) proximal portions, and again at 48 hours
(Fig. 9).
The matrix exhibits the greatest increase in
mitosis 24 hours after avulsion. The proximal
and lateral nail groove epidermis, the hypo-
nychium and the volar touch pad also exhibit
increased rates of mitosis. An increase of
glycogen is seen in the cells prior to the increase
in mitotic rate. The volar touch pad epidermis is
an exception, exhibiting an increase in mitosis
without a visible increase in glycogen. This sug-
gests the action of a chemical mitosis inducer
 little to the r epithelization. Twenty-
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resulting from traumatized tissue on a distant
site from the damaged area. It may also suggest
that the touch pad epidermis contributes epi-
(lermal cells to the reepithelialization of the nail
bed.
SUMMARY
Avulsion of the nail plate produces a denuded
area which roughly outlines the nail bed and
adjacent areas such as the hyponychium, lateral
and proximal nail folds.
Twenty—four hours after avulsion, tongues of
regenerating epidermis originating from the
borders are seen extending into the crust-.
covered denuded area. The bordering epidermal
structures undergo a temporary change in their
cornification process and exhibit parakeratosis
of their horny layers. Normal cornification is
seen 72 hours after avulsion.
By the fourth day, the surface of the distal
digit is completely reepithelized by epidermis
which is acanthotic but is in longitudinal parallel
rete characteristic of the nail bed. The tempo-
rary parakeratotic horny layer is pushed distally
by the growing nail plate. The nail bed once
covered by the nail plate forms its normal horny
layer which has no granular layer and is not
parakeratotic. Horny cells of the nail bed inter-
lace with nail plate cells, but the nail bed itself
has no distal motion.
A normal nail plate is seen extending beyond
the distal tip of the digit by 18 days.
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